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(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To actualize a 
semiconductor device which has a high specific dielectric 
strength and uses a thermally stable gate insulating film. 



SOLUTION: On a silicon substrate 10, a gate electrode 
12 is formed across a gate insulating film 1 1 . The gate 
insulating film 11 has a high-dielectric- strength film 11a 
formed of a silicon-containing hafnium oxide film and a 
lower barrier film 1 1b formed of a silicon nitride oxide film 
which is formed below the high-dielectric-constant film 




11a and contains hafnium. 
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l If * « 1 1 W&L±.im&L § ft* y- f> tt»R k - 
mil£y-t-S&*§®Ui> — ®8?£.tr v-U 

A'J Tffik Ztt&Z k Z¥fmt?2>*m#gi&. 
I If 2 ] 151 ey- h J63§B?»i . MKSmm*M<D 

-e'ixM. ORVS i k LTMISiSI8m*J&£>ilBj£2rM I 
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0. 23Sy/(x + y)gO. 9 0T'J>S.Ik Srlf®! 
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[ffi*JS4] mile— O&JR. fmrnt^VaytZix 

Si,0((llx>0fiOy>0) tagUtlC, 
0. 23Sy/(x + y)S0. 3 0T*$>6Clk 

O, S i RlfiNk LXmZTWVJTmnm&LZMt s 
i y ON ((ILx>0I-?y>0) kmZLtztZiZ^ 

x /(x+y)so. i ox'h&ztztmk^hm-g 
] may- hmmz* ftw— ust* 

S Z k *«at"*"4»*Ja 1 tSE«W3|E«OT. 

mtexm-mmmiztt Lxfmmz'tf* oztizxo.m 

Ha >-£-*iSl8«^§S5:l?j£-r£xg k , 

Htrtev- U 3 ^tfWJW^BUOifcy- »-^fi&k =3r SSI 
WR£Bf&^&TMk*ffix_X^&ZkZ¥fWLk-t2>¥ 

I 11*48 ] ItrffiWEOftWi**-?* & £ k £ ttfit 

k -r 6 if *s 7 et as«¥s*3SSo$g jt:*r& . 

t it * * 9 ] Btf ie«i^m*JS £ ^fixvt h xm x o *> w 

HiKC* i ix S 1» 3 > £r Bill e»f$tt3*$t4' te&ifc $ •£ 
S Xg t . UESKUfflRfc* * ti S 151 B-O&S 5- mr 
ffittakK+tJattS-friik^J: 9"W«!;TR*»* 
-fSXSk £*t» i k ^fiakl" 6lff*J»7 KSBttO* 

[ If* 1 0 ] fOSMSIBttR £ »HW- * XSli . m 



t e-o^s k t&ieBfjgoiMt k z -ttt v — * 7 u # — 9- 
ie-<o^jgSr*tfV-xr»j^— rk, KrffiBf^^^ 

^M^^f SXSSr^-tf i k 5r^k^-i.ffl*«7 

[ if i 2 ] ButeKi^^K zmfS&h xeta, m 
y y h ^ffl v %^ p v d mz i. o mriensism^K 5:^-r 

SXSSr-t-tfCl k S:1tflSk-rsW*«7 ttB®<o¥3Sf* 

I If 1 3 ] StSXK . — <0^S . B^St/*^ Sr 
*tJ^m^K€-^-r-2»Xgk . 

mzmmnmmtztt Lx&sm&ff* ozkiz£<o.m 

imWLWlfr t> $s V 3 y £ But ai« ^IS^M* tcfetJt $ -ti-T 
m^S-^-TSXSk ^«b^TV^C1 k Sr^k-TS^ 

[ if** 1 4 1 mimmw.mm *mfct s xs «t o t 

Buieiei^^n^L-r^a^^^xeii, fifd^ 
sxst. Mieisi^^M^-i-tftSBine— w^msritf 
■thTMk^tszk^mwik-thmw^i 3iztm<7) 

ti-n&m k ?m t z %ts y - * r u 9- Srffl v ^ c 

[If** 1 6 ] 1tfffi?«IS«*^Sr^-tSXSJ±. M 

xtfxkZm^zCVDmizj: 0 Bfrrei5!$m35ffi£^f£ 
■T-l»XSSr^tf^kS: ! »iak-r-&lf*fll 3 Cf 

[ If 1 7 ] mrf2i« l^m^l^ 2: Bfct h JLWt . * 

m^t£9f®^x^u—<o^mi:ists^-y'yh^m 

v^P VDfttcJ: 0 MI5i«l^*lKSr^-tl.XgS:# 
tf £ k SrWftk -tSIf 1 3 (c|£iS5<^^^a^)i? 

tif*« 1 8 ] mz-n&mit^y-^^xiti;)^ 
i ifl*« 1 9 ] mBxemaa^a tx^Mmt:^ 



y r^m&thJLn^tx^z k. zftrnt-t 4ts 

nmmmm^mmzmit-r 4 zbtzx*) ±m>< y rmz 

m i 3 <,zim<7>*mte%iw.<7)wm-%m. 
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jy&y. 
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JS2 2 t,zimn*mwmm.<nw&xm. 
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^-^Ajj-df-iM b* (Hf0 2 ) ^i^rj-^A 

0. ffn'S i 0 2 ggMRV EOTtSrr?.) 5: 

ixTV>4. 

[0003] «itt1*BB2000-58832^«fc:ieilS*LT 

v^t^^high-k^'- htmmw&ti&imitizcow y r 
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-rcvD&^lckO. i^n— ^AXte^-^Aiy 

is<gftss)Vn~*?J± (ZrO.N,) XJi** S'fiHfc^:? 
(Hf O x N y ) iy3r4high-ky-hf&f§M$rJg 

at*-*. 

[0004] 

[%BH* J »^LJ;afc-r-S»^S] LfrLKctf C 
high-ky- hffeSSBHc&wcJ}, gjt7-a-bX4»c0ffiiS 

m-^mmmimi}^i' B itLxLt\>\ -eo^mtt 

x y - 9 ws&ttosi&t&t hb\^r> wmt*. t h . -t & 
±>^>, t^*whigh-ky-h^M^ia6^^tt{±^+^ 

fib o^:. 

[0005] miizm*.^ ftv-^iti^m^A^ii 
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[0006] 
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Ay7Btfc£#-f6. 
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^^^-rs^m^JK^v-y^vsr^tf^^, 
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t-i=4„ znrzih. mmk<&mtk%imzi5^x . nm 

gh-k y- h y - ? m^*^ 1 4 z t z mwc* 

S.I!oT, high-ky-F^IK^W^tt* J |6l±-r 
4^. »«u(40@it7t^^S5r»ST'S'4i:ft 
^^aoigjt(cii(t4ra-kXV->'*y5r^# 

<-T4 4. 

[0008] ^^o^^a^j: 4 1 , y- 
h^»{cfctt4Si^^ffi<7)Ti!iicTgs>'>* y rm^ 

ft-T4^, Sil^^K t ^'RJiSt- 4 Zb*ffi± 
T#4. Tg^^yTKtC. *»«*fflt4:RtftSl 

# % -e^itc i o x y- h *6»K^*<0Jt»«s(s & K < 

4.IfctfT-£4. 

[0009] ^m^^m^Miz^x , y-M&^ 
Mi . st^*^Ko±(i $ tifz±w < y r « 2r * 

[ooio] cicoj:p(i-r4t. y-hm®«^t. ;e 



(4) ^2003-80 1 1 (P2003-801 1A) 
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SE^St/i^Un^Sr-eit^ixM. O&tXS i b LXMPi 
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mmmmz&fSrr hJMb . mmmmiznLxmum 

[ o o 1 9 ] as i crt^m^^mmjjmizj: &b.m 
£<ott«£*tr*»w*Rc*f Lxfmmz'tto z t 

■<smm,mmwz&WL2-£x ->'j^ y^-mmmmmim 

T^U3^*«T«K«*IHoaaMbW«t». ZZX\ v 

v^yt^Mmmmmiiwmy^-t^'pcom'i&mmizx 
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b. mm.mmz&£ti&~c?>&g,zim&wzm!i2 
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btf1fr$.H\ 

[0023] zwj: a c-rs b , ^si^^K^tc^y n 

(i i- V 3 y ^^Sf OTftK i: i: ^KJE-T i fc * R6 

Tf&cr>}tmw&£is<x'Z . ztiizz^xy-hnmm 
£fa<oitmw,mzm< -t %> z b ftx-% h . 
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[0025] <I<75J: a (C-TS t , Elr^!B3«5r-^tf^ 

5" mH^Jg^-r h Z b * 4 T ^ S . 
[ 0 0 2 6 ] m 1 c^^^S^^^atCfc^T > « 

d at j; o -m&wm. zmfc? h imz^ts z b 

[0027] zn± o (c-rs b , ffifecomnzist*nm 
mMmzmmiz&fSrf&z b wx-z %> . 

[ 0 0 2 8 ] m 1 O^^«s^*<0KJt*fe(CtJV^T. a 
[0029] CltOj: o tc-f & t . Elf^^SSr^-OiSiS 

w£Wk*mmz : &fct&zbi) i X'% s . 

[0030] *^sj(c^S952<7)^*^S^Jt*& 

jK^^BE-ri.xsi:. mmmmmiznisxmmz'tf* 

oZbizXO. W&n*ti>i' , J3>'t:7fffi9ftRit*lZi& 

wlz-zx z/v? y&imm&mmzmk-t&xnb . ^ 



u 3 y§s3nstm,^<?>±t,z y-bw&t%h mmmz 

[0031] m2 co^mw^m^m^miz x & t . * 
3g£-£o;§f£®£JBifc*t t-c sfcaaJiSrff & d ; t iz «t 

t z&tmz. m%mz&firfm$; lx ~s y 3 
* o h i sh-k y- v $mm izo—? t & z t & w 

i: ^^^^S^SiS^tJ It § To-fe ^ v- V> 
^^hZbtfiX'^h, 

[00321 m2 co¥mfcmw.<omi£%mzt$^x . m 

mnmrnmizMLxmami^oTMa. tmmiz-t 
£tL&i'»ay£mt%n.mm'pizw:%L-2it&jmt . ;« 

[0033] ci<7)«fc o iz-?h t . *»m*Bt+fc^ y 3 
li^'ja >-ir^i5§m^M tmwit tf&m-t h z t & m 

^*oifc»ii»**< -r 4 Z t S . 

[0034] ^2 O^^^a^Jt^StwtJV^T . £ 

[0035] ZCOX o Iz-Th t , *3S£-#tr;£^lPSsJK 
[ 0 0 3 6 ] !i52 o*«*SI»<?!«Jft)6rafc:tJV^ . M 

[0037] cicoi d ic-rs t . *mzistsmmmm 
zmmizB&L-th z t h . 

[0038] S2 O^fl^SOlEftfr&fcUSlr *T . X 
BWPKSJBA-TiXSJi, ****tf»H»+ , C-<0 
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[ 0 0 3 9 ] £ *> J: d iz-fi, t . *^?r*tfS^^ffi 

[00401^1 Xtt* 2 iO^^S<OS3t^t-*5 
V^T. — <n&m&^7-^J±X.\±i?)l>a-*7M.X'h&Z 

[004 1 ] ZcoXoiz-ftt, i^Voy^^MmWM 

B&oitmmmzmmizm < -t t z t tfx-% h . 
[oo42]gi xim2<&mtmw<?>mm%mizt$ 

^"C. S5l£m¥MKttLT^JI£*T*-3X!i£3£®l 
Sr^-ri.XStoStC. x'jnvttSI^IS^ 

[0043] coj: d tc-rs fc . y- hmssw^ts^ 
[ o o 4 4 ] si i xizm2 co*m#mw.*>8im}jmizt5 

[0045] ClOiac-tSi:, y-Mtff»Si:W« 

zttfxz htz#>. ±.w<vrm<?>mm&ZTBi<x' 

[ 0 0 4 6 ] as 1 XttflS 2 ^fllSI^Km:^ 

,%saaiajg{s 6oo °cjjLt&o 8 5 o xasirr* 

[0047] Cl^J: 3 tcf i: , 'iS5^P?K*»^>H)r^<0 
[0048)11 X(i^2 C0^#HS«fS!JS*ft{=*5 

its it LXisvzy&mmmmmti&comf&ZM, si, 

O (i5Lx>0loy>0) i: WHJSro 
6. 69 y/(x + y)+749. 4X'fo2>Zkt>W 
[0049] Cicoid^-r^i:, ^ U a VfctfOT*** 

[0050] zcD*fr£. y-vmmt^v^y^tsM 

^JiO^rO, y/ (x + y ) ^0. 3 0 X'h h Z b tftfr 
4Lv\ 
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[0051] zco x o iz-f h t . ys^mmmM 
n e^-r h h i gh-k y- btmmnmm&mfi £ <c« 

'OZk.ifiX'^h. 

[ 0 0 5 2 ] SI 1 Xiif$2W*mfa3iW.<OWm-Jj&£i5 

[0053] z<?>£oiz-rht. isvay-simmmm 

[00 54] 

i $&n<vm$&<7>Bm ] (mi <onfi6?&« ) wt . *%*n 
cr>&i(omtmmiz&&¥m#giW.. MfcmznM i s 

[ o o 5 5 ] ai ii. m i <onsi^®{c«-i.^»^a 

[00 56] SlC^-riatc. y'Jnyiti o±£ 
y-MftHWl 1 Sr^U-cy-h^eil 2#^j£i?ixT 
^6. y'j3>-SSl 0(C*Jft&y-h«fiil 2 

JfilSJUil 3*^?ilTV^. y-M&«Kl US, te 

tttt&BRfldfeJ: 93rS«f$m^Bll 1 at, 

mi 1 a^TOT^j££ix*T^l>7J&l 1 bt, « 

i^i^jki i a.0)±mizmj&.2titz±w<v rmi 1 c 

[0057] M«(:ti. af^m^JStl 1 ati, iS^Jt 
l^tt^Sr^o/N^-^Atf^-^M H (H f 0 2 ) C^'J 

H (Hf, S i,0 2 ({SLx>y>0 ) ) *>4>fi§ 

fi)i$ixTv^. u n i o t mnwzm 1 

1 akcORmZm±-t&TW<VTmi 1 b(i, fRl^tf 

llai^- MS® 1 2 fctf)RJ6£fi&jk-*-4 
±gSAUTKl 1 cte, fifiJx.tfM^Sr^-tf^Un^-t-* 

Till 1 b&t/JiS?A>JTJBIl 1 cJi^«^N*UT« 

[0058]^, amm^lK 1 1 a#M3g£-&A/CVvC 
tiV^ y-MfelSIRl l«MWifi ! 4nra 

wzcoi&s. m%m»mi 1 a<^g«KJSii2nmg 

JgT'£> 0 . T»>< 'J Tfl£ lib OfeJf W$tJS*4 1 n mil 
X'h 0 » ±WJ 7111c <#H#lftflgjyt* InmSt 
£>6. mS1K«lRl 1 a. T^'JTBl l 

[0059] **tt»JI8fc:tJV^-C, XRI^R Hat 

tr, ^y=i>-£-&tf;«§gm*i!i i ats. ;tis<ogfc*&Ji 



[0060]E2(i, HfOi (c^tnrf-s^un^ (s 
■c. ^ B B fffkias&^i.-c fcfi-fcfcfett (Hfo 2 > 

[006 1] 02fcU3WC» ffifStt, f fi*a<7)H f O 

2 iz-tttit S i Wrf-effl. (JHT, S igUgt^S) £: 
JjififfrllOHi 0 2 (c-^^ixSH f IS^f^lS (liTF, H 

fstst-rs) t^»t;stfss iiftg<oitXi (%^ 

*) £SSLTV*4. -T**)^, «tl*£Sg(X, =(Si 
(S iifig+Hfi&g) ) xioo = 0%){4S 
i36^k<*4<t*V^Hf 0 2 Sr^L, «lffr&SS (X, = 
(SiiME/ (S ii&g+Hf igg) ) XI 00=1 0 
0%) t±H f #£<-#a*u5r^S i 0 2 Sr^-T. iti. 

[ 0 0 6 2 ] H 2 iZ^k-tJ: 3 fc. JtXj «0iiiD(C^-5 

t. oioasiins i*^*wnfc:«->T» Hfo 2 <oisa 

Hf0 2 tc^U^vSrJni.SClfc^i^T, Hf0 2 cr> 
®fim%&tfi$ LX^<Zt tffrfrh . Ztlte. S i i 

<7)3£5i, icaTTb h f o 2 m£ftwm&<t uz< < % 

[0063] ilt, gfe6^«ttfi>UiaKt Hf O 

TRTP'( rapid thermal process ) ^WiZk*) 1 at 
m<DN 2 #^X'3 0&m<VT-->V$m$:'fitt:oi%^ 

izn v ^Tfeafflncsa* u ussojftfes*^ 

tT^iSJK-C'ti:, SitfHfOj R^ffilr^MOS^ 

S i -&^TH f 0 2 KtC*i»t4SBWWr«B<0S« 
(C*SH UMOS^^y^'J-? VSK^SttC 3 
fUgii^Jtrf C-V (Capacitance-Volt 
age ) aa^tC^V^TAccumulation (S^) «®T<0^JI 

(OSST'ti, SittHfO; IfflkXbMOS^^ 
[0 0 64 ] ife, JtX, £ 7 0 XVXUZ-? & k . Si 
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<ti>2 3%ja±jMn*. s i -^wh f o 2 mtmnrit 

LXltT&lsyTXWSA^WMX'h&tzlfr. 9 0 o*c 
<7)7&& 7 o -b A tftub ■» fz t U - ? «S£ £ W #J T 

an Mi. jH^jysoiowa&ttfcfcfcx^ 

[00 6 5] @2tw^-r«toC SiifU£/(S 

ii&g+Hfigjg) xl 0 0£X,(%) i: ft 

•s-^TH f o 2 s i mm^mmb but 

= 6. 69- X, +749. 4«%S'C&&. SV>»£ 
S fc . rn-te^iSJg&tfS i JftJK(iT= 6 . 6 9 • X, 
+ 749. 4 <£ 9 i>TG8l<^feBT*£> S £ i: tf-J&Weh 
6. ft^WKIt X, coffin 0 S i f 0 2 Ott 

^t-^t^l.^, 7D-fexMi. Xi <7)J9r5£tt 

tfOXj offliOt^^Xj m-t&Zoizs i&ma 

SftfcH fO z ilo*9Hf a'y3'---^■tt&a!SlL$:W■ 
ai 2k<o««t#jtUTy-Me«Ki i vza^hY 

- htm 1 2 i: <0-5HB36»<5>TW2 n mS«^«!ITfto 
[ 0 0 6 6 ] 03 <i. m2£.7i?tm& fc* 

S H f i^^-WM (X! ) <o 

o-txs^ffls*<9 o o'asj£-cs>?>*§-£- (Mounts 

WSJgttSrftOJtiblCJi. X, tt 2 3 ^J^T'fcttJtJf 

[00 6 7] 124 HfO; ffijfc»f hS i&b. 
Hf 0 2 KoitSimsfc^Wfll^^LTv^. H4(cfc 

(Si?gjg/ (S iigJg+H f 8bK) ) xlOOSr^t 
tv^. T^#<±H f i^aSi:^r&X 2 = 
( H f iHJK/ ( S i mm+ H f i&K) ) xlOOSr^L 

tv-vs. ttz. mmmf o 2 Bw>jfcBWH»£*L-o* 

[0068104 icsrr J: HZ. H f o 2 aoiti^fl:^ 



X, *>'0%<Ofc# (oi OS i ££<^i=5:V%Hf 
0 2 H<7)fc£) a*g;ST#J2 4T'£>S. Hf 0 2 

x t W3o%frb9o%&x'<omizitism,mt&)i in. 

^«3(?-^c0fflSrlSJ#-tS . HfOj St+?> 

Si»*^i.TX, 3&<9 0%^iSi.Si:. JtKm^iS 
VUi«£M&LWb, X! #l0 0%<Di:# (o^OH 

f ££<#£=5:^s i o 2 root go . itmmmtv) 

3. 9i:3r&. ficr>t\ Xj &9 0%&T(Z-*&Zb\Z 
iO. f^SiSt. X 2 £ 1 0%l?l±.lz-t&Ztlz£ 

[0069] JjLhtClftW LT # . 02~04lC^t^ 

mzx&b. mmmmi 1 a (isi^m^Ki 1 agf* 

(Ctti-TSi^tt^SI 1 1 aiTS?A'iJ7ll 1 bW 

1 atCtJtt-SX! = ( S ijgjg/ (S iiSS + Hf 
Jg) ) x 1 00(42 3%iaJi90%]^T(cig^$n.l>C: 

[ o o 7 o ] ft. X! = ( s i mm/ ( s i auK+H f 
iRK) ) x loofi, mmmmmi 1 a^i^Hf, 

S i y O ({HLx>oaoy>0) fcSEIBUti 
(y/ (x + y) ) x 1 0 0fc|S]ST*)i». X 

2 = ( H f ffijg/ ( S iiHg+H f iSJS) ) X 1 00 

(x/<x + y) ) x 1 0 0 b fflMX'$> h . 4?t. 

x,&yx 2 its iwygbHfm&bnm&i&.-thw 

X'foh(T>X\ ^il.Hf'/llir-^, g-ffcHf 
U^r-bi: tTNSr^T'V^*^. ^VMi. CI, F 
S.l/H^£7)fB!C07t^S:^t'V^^{Ct. X, Sl/X 

[007 1] 05J4. HfOj )Kt-^Jirr«> S i Mb . 

Hf o 2 mcommimti) (mmmz-s.&&x'<r>i%ffi) 

bcrMfatt^X^h . H5^*3V>T. JL<omWJ±s i 
ieoaSi:^?.. MaoXi = (SiilSg/ (Siigg 
+ H f i&K) ) x l 0 0Sr^LTV>§. 4^:. T«0}JIW 
(±Hf4oeSi:^i.X 2 = (Hfi&K/ ( S i iHS+ 

HfjRg) ) x i oo^Lx^h. tfz. rnmiHf 
o 2 m<ommmfifri7*Lx^&. ztz. Di±Hfo 2 

[00721 AftWCiy:. &&&&&& H f is 0 *r- V 
y&tt-fh MO S*W~>?cr>&x%: J 9-yy'Jl>£R}m.L 
Ts TDDB (Time Dependent Dielectric Breakdown 
measurement ) tmZ'ff* O^blZj:*). ^FJI* 10 0 

ppro. tmmwm (mosmi o. i cm* . as 

1 0 0*C. EpflnSEVa =-1 V. EOT ( S i 0 2 j& 
nmM) =1. 5nmtV^-5^frTT\ Hf i/Vir-h 

m<o&mmmi&Hi! : s:#&Ltzm&*:ffl5iz7*Lx^ 



j£fi, Hf £-&£3r^S i 0 2 *»£>S i £-££=2^H f 

o 2 $-?«>&a-cs&fl;-f&. #-9->-7*;WiPSS 

[00 7 3] J:OP$fflW±> TDDBM^CfflV^iXl. 
&1f:xT;U0Sg»*BrafB<:i3 xlO-'c m 2 5 x 1 
0" 5 cm J £ T'?)IeB"e£> 9 . ffefiJKffiilO. lcm! 
X'^mW&M^^^^^t. f&SM+'OrXPfi*^ 

^ffiffia i commas =tmmmm 2 commnna 

({HL/SliV'f 7;M8£) Srffifflt^:. TDDB 
i£SIB$Oi&£f;iSiga>£> 1 0 0*CiT'<o®ffl-e£> 0 . jl 

jgi o ox:-c«ofiffli±»^^^-i>%&^«> assort: 

£<£E Lfc . * > 1 0 0 p P mT'<?>fl®ttfNp 

itmifgx'i vx K>i>±z%v a *m\^h—-ft. v G = 

-^lVT<0®Htt3W^**«>**&tUi, (V a (TD 
DBMi^) -Vfb)/Tph (iLVfb«777 

file, t P h ii&mm£#(o®iwmm ) 

<M#£>fl.g>. &%<DmREox. (real) k*fJ£-*~£ft3S 
[0074] 1Bfi<0»«r*a«rffl^T»feil3tH5 

-r^sct & k . X! > £ 3 0 xmTte-r 4 

-IkC-tO. t"V">$.*-&k. X 2 5r70%ia_h^-rSC: 
tic J: 0, H f x 'J M««>fgKtt3lMHi 1 O^XL 

kSrS. ffi. H5tC*3^T«i, *S«Eox ( r e 

a 1 ) iztttx. x<oi&w±m^mm^m^<om^ 

BS<7)V G gffctttLT. JSUi <V G (TDDBMifif) 
-Vf b) /EOT<5D5C*^#^ai>, *5SW^m-5fE 
ox (effective ) IZftLX „ «fc OffitBEfflK^ftStt 

5* Lite. 

[0075] k.1 <*>T\ 02~@4 iZyjk-tmmzX S 
k, SiW^ttfclav^JtKli^fc^SS^t^^-. H 

f ^'j^-h^-fettsx! = (s iias/ (s imm 

+ Hf jffig) ) x 1 00<±2 3%IU±90%UTCIS^ 
ht. X, $r3 0%JilTtc-T?.C:i;^J: fSJRttlWfr 

4LV^«ffltt2 3X£Ui3 0XJSlTfc:*4. (SL, UT 



(8) 1^2003-8011 (P2003-8011A) 

MKS^£tt(C7 5 0X:iXh^J^#&^7*o-fe;*<0 
fSHtt^SrSS^fUf J:v^)T. X! eo#£ 
L^iefflii 3 0 %£TF£&£ . 
[0076] @6li. Hf0 2 mzWiXith S i »k . 

[0077] meiz^i-rxoiz. si£-g*rHf o 2 m 

$?£U^$Sffl{iT=6. 69 • X, +749. 4i'3t 
TRJod£eBT'£>&. ,iok#. 9 0 0X:O7*D-fexa^5 

agtcisv^-cibism^co^t $ i>m&~?&ti#>iz\i. x 
, (i2 3%iy±9 0%OT^i^$n^Jt<i{f^^^ 

«ffltt<0^2rfiB«-rix{f^<> X! <i3 0%OT(wlS 

s i oNizftjLXhi&h-mmzy-hiimmmmt lx 

mm-t&b&lZPo 1 y-SiXliS i Ge^y-V 

$>&£z&>. T=6. 69 - X, + 749. 4j:0't)Til 
T'&'moX, (i3 0%mT-C'J>SiEH^if^LV\ CI 
iOk#. 7" o -b^fisiaK** 9 0 0*CT'$>Sk-r ht. 
Xj « 2 3 %JJU:3 0 %lXnzmfet$tl%Vtltf% 

mz& &tih ^$mcommtT--Mzi5i? &mwt>Kc 

i&Jg.X$>& . 

[0078] &L±.izmwLtc£ 0 iz. m 1 «o^sfi»»t= 

«k h t . y- h^JK 1 1 £fl§j£-r!>i«!3i^B? 1 1 a 

^m^mzx^xw^M^ 1 1 a^^-fi)^ 

Jtix^iO'C'. y-h$fe^l lot Ohigh-ky-h^S 

jltcy-^mB£* { *t-g>c:k5rffl»J-r#i). fe-ox. 7 

mO^^m^mm. * mmx # -& t mz. *mwgm.<7m 

mzS5tf& ro-lr X~?— : J>Z ±Z <"f SCI k*^'# 
[0079] ^lO^M^StiSk, y-hffi 
V, a^St^*2r-irt^T^N' , JTKl 1 b*<ff^§ 

Tttf). mmmmmi 1 at-/'j3>i«i ok*<ae-r 
ftiks-BejtTS*. azx\ TSWJrmi ibii 

iSIS«^K 1 1 a 4>cOig^tc J:-5"Ci^U3 1 0 *>' 
»fk$*ii i k &B5±LTV^. y'J^yS 
«10c7)^ffi{C. Si0 2 KklRlg^<7)Jtl^ffi*5r*-r 



♦ 



tiMtmtfxmm t LxBjs.zti& t . y- btmm 1 

I £#k LX<?>im'%MtfW%l,zTtf l ~>X Li 3 

[ 0 0 8 0 ] . Jfl 1 ermWBMlzX h k . TW^J 

rmi ibt. ©inmost 1 1 atmt&m. a^wk 

J±/N7-'>A* t **ilTV»4fc«>, T^'UTffil lb 
<OJtl^m*$riiSO^ 'J 3 ^SHKRfclt k Jt^TK < T 

TS^^UTffil 1 bCfcVvc^ya^K^l/tvv? — 
AS: 1 0%tLh^A-TS (o£9X 2 S 1 0%) itfc 

•r&dt A<T# & . filCM LT . 04 fcjjrf i p , 
T&A U TIS lib fcfcttS < & 

mm^MMzi&T't^. wj7ri i b 

^{tSHfieJSSrXz =0%*^i!'-L-C-t«< LTfc 
<CkU:. y-Mfe!i8gl l^cOEOT$rffi^l)C: 

[0081] mi<omtmmiz£ht. y-b& 

Ml 1 ci«#4t5^, y-hmSl 24>?)*m 
HSfe^JST'li;* 'J^'J^y) k . mtm.^m 1 1 a 4>tf) 
*m ( tfiRfcpN? A ) k sfifcBREUbfcai £ 0 3 .1 
k£l»it-C£. -eillCkoTy-hie^JKl ltf>Jtf8« 

M§g£iro.r k iz X *) . ±»>< yriiic <oa y 73& 

m^[6]±-ri>. ±fc. ±^utki i c#. si^m^ 
mi i abmi^y=-vi»zi£ttz.kt,z£'). ±M'*v 
rmi i c<n)tmmmzm<x'Z. ztiizx-oxy-b 
m&m 1 1 £#cr)Stmmmzis< -rz z t h . 
too82] <Dmmmiza^x . »mm^m 

I I a (mmmmmi 1 a&mztttxmmnmmi 1 
a kTg^^'j tbs 1 1 bai//xti±gc^*'j rm 1 1 c 

(S iigJS/ (S iaUJM-Hf«K) ) X100«23 
%JUJ:9 0%JaT£R£&h.&.12:df&&Ui. 

oiz-tht. nmmmm 1 1 a<7>jtf8m^£;«<T-£6 
k * (c x 900 'cwzommizn t r t i 

1 a^ B B ^b^fP©J LTXRB«t:iBHLfc U -VVSim 
JnSrBf±TS4. -ttciyh. y-btmmi l<0ib!^«: 
4*£+#«*>ft;<>*^ y-bS&^lgl 10»lffl3c56tt£ 
WH^-oit^'-C'^-S.. I^tl. «W£ftHl 1 a 
(Cfctt-I.X! (i2 3%&±3 OXVXTI.zWifeZtlhZt 

IX . 1 1 ao2 9 y- 1 1 OflSS 

h y- hwn&miz* o ro-fe^fiftjgsm o 

X, £3 OWFfcfftJ&ri y-b 



(9) ^2003-801 1 (P2003-8011A) 

t> . y- h KiSK 1 1 ^ WSStt t ffio i k * J T' £ 

[0083] 4fc. SSKOfQfeJgJgfcfcWC. y-M6 
^fiSl l5r^fi£-rS^«*«flkLTHf 0 2 Srfflv^ 
Clft^i.T. Zr0 2 . Ti0 2 . Ta 2 O s . 
La 2 0 3 . CeOj , A 1 2 0 3 . XliBST (^-C'J^A 

K\ Hf ,A 1 y 0 2 (fflLx>01^y>0) 

tzxo %&msumiz s i EL¥&-&*tuz&Eii'>j y- 

rmi b&xs±w* i JTmi 1 czmftztf. y-b 
mm 1 2 <r>tmm<rmmz z^xit. tw < urn 1 

b&tf/XMLLSB^yrm l cSraft^<Tt«tv^. 
[0 08 5] ^l<7)H{fe^©fcfc^T. y— Ml 
SI 2k L-C^U^U3>iSffiSrflSV^*t. Zixlzjtz. 

x. TiNmt a i mtcommm ( wt i nd . 

TaH, T i NffiXliT a NBWW3A«itJ: 0^:5. ^ 

iifflt ltt i bi mxuT a bimro&mmzm^ 

[0086] ($&2cr>mtmB) *&W<7)&2<V 

mmmiz&&*mw : g.w.<vgm-%m. mwmiz\m i 

[0087] 07 ( a ) ~ ( c ) St/08 ( a ) ~ 

(c) ii. m2<vmmBmi l zm&¥-mftmw.cowmjj& 
<o#n Sr ^-r ffiiD0-ej> s . 

[0088] 4-f. 07 (a) tc^-Tid^. ply'J 

aydoo) s«2 o±tc ^^-gi^K <0^r 

>S« 2 0 LTS^R C AffifRr/miH F 

"iJK»*ff i ar3."-e«». 7oo°cmK^?a«TTNH3 

Xf^^fflV%-C/S$0. 7nmmgO^U3:xg-fL.®Hb$l 
(Si 3 N 4 IM) 2 1A*^U3^*«2 0±lC»ja'r 
S. iOk&. S i 3 N 4 JK2 1 A*tCl47k«*«+»fcaR 
OCltfLS. S i 3 N 4 fiS2 1 A[4»»Wft:TW<y 
7B82 1 (07 (c ) kKeif. 
[0 08 9] iXiZ^ mi (b) fc^idfc:. ^N^-'f 
ASr-t-tfV— t*I^fcCVD (chemical v 

apor deposition ) fttCi 0 . JP? 5 0 nmS^<0A7 
-^A^^-fh'(Hf0 2 ) m2 2A&i>-Va>m$. 
2 0±<,Z&i&-?&. *flt«tett, M*Hf y-J*"C*4 
Hf-t-butox i de (Ci 6 H 36 Hf 0 4 ) 4> 
{C. ^r^U J r^'XT'J>.g.M^ (N 2 ) tfAZm-fZklZ 
X-oX. Hf-t-butox i d e SrAyj y?%*t 
THf-t-bu tox i d e§rSUfc:£-lM>. ZLX^ 
mtLtiH f-t-butoxi de £-&tf N 2 ^ 

Sr. wimx-hhi&msm (o 2 ) xf^k^ic. 



>g&20 (^i^n) ^11$ il/cf t y^'-^M 
LSr**^ 5 0 0*CgJg<7)iSjgT-eRTCVD (rapid 
thermal CVD) JM^otHf 0 2 &2 2A£jg 

[00 9 01 ZWbZ, Si 3 N 4 K2 1Ate. BHt#J<0 
0 2 tf-XtiOBS-ffc^ilTS i ONJK2 1 Bb%&. S 

1 ON12 1 B(i, ^y=JVS^2 0i;Hf 0 2 122 

a t comnfcmz m±-? y rttSr*-f •§» t fttc*^ 

«2 0±£S i 3 N s §2 1 AiMLfctt. HfOJ 

2 2Ai0f^CS i 3 N 4 12 1 ASrSHtbTS i ON 
182 1 B£»j£LT^6#. S i , N,BI2 1 AiBfct 

&Zb%<. Hf o 2 K2 2A^m:x'J3ySS 

i ONK2 1 B£l»g)gj£LTk J:^. 

[0091] 07 ( b ) \,Z7^tJLmzii^X , H 

f0 2 ^2 2A*Wi. H f y-^4»tC-&^ ilSTkS 

(h) #e«Mc» o c: &tih . — Hf v-xtfc-ts- 

^^12.^* (c) ii % SHfc5PJ<oo 2 ^icj: OlMsSil 

TCOXIiCOj b&iX^^-ftfrbHtflZtl 

ftJ>I.Hf. O. C, HtCjDi.TN 2 ^t^-TI) 
**, 5 0 0°CS£OiSJ£T-C«:N 2 tfXti^K^FiSte 
Xfohtztib^ N 2 *'X^lii?ltll>. 

[00 9 2] si MSS <2»:-f3i-V«Jt4J'*Hfe) tcJ: 
OHfOj H^AfctftfrL^i:.!^ Hf 0 2 122 
A£mjftt-6±g&^4Hf&tfOT'*>-?*:. 
Hf 0 2 JK22At3ti3x 1 0 I9 -4X 1 0 2 «(atoms/c 
m 3 ) W£<r>C-k. 5X 1 O 20 ~4X 1 0 21 (atoms/cm 3 ) 
WS.CD H i: £ ilT V . 

[00 9 3]<J:(C. Hf0 2 Jg|2 2MZttLXf&m. 

(ETF, PDA (post deposition anneal) ) Srfl'Sr 

5. PDAti. 09^.(4*. mmmm%wzi5^x i o ox: 

f&£T- 3 0 g?fSK¥$r 5 . PDAS:ff4?I biz 

J:-)t, S i ONJK2 1 Bb H f 0 2 $! 2 2 A fc 
JfjtKiC&^-ffcS^ < a ) ~ ( d ) £#B3L&a^ 

Pixira-f-s.. mftcoidiz. PDAcommiza^ 

Xit. 09 (a) ^-TiotC, S i ONJK2 1 B&l/ 

Hf 0 2 )K2 2A(4-5-tl-e*it7l<*5r^TV'>S. 

T\ P DAZ mt&i-ht. 129 (b) l^-f-J: die, S 

1 ONBS2 1 B&t/H f 0 2 JK2 2 AO^ft-eft*^* 
Sltf**;?;^ L"C«*WCfaW4IS*, 09(c) 
fc^-f iptc. S i ON12 1 BRX/H i 0 2 122A 
iO-?-ft^fL<J0F*lgB(^?L (0*tfOfiA) *Bl8LX'% h . 
*LT. 09 (d) fcjRfJdtc. iix'bOlgfLSr^-L 
Xi/V3>mWL2 0XJ4S i ON12 1 BiZ^itl&i^ 
'Jny^HfOj JR2 2 A*K1£I!H- HfO 

2 J8t2 2A(::-&£;rU>Hf *<S i ONI2 1 B^JfiU 

*<oes. 07 (c) K^-r «* a j&wsj&h 



(10) «i2003-80 1 1 (P2003-80 1 1A) 



iz, itmmmv>($^n ftts i onm* os-sts^* 

DTK 2 l*«,$ix6. Cl^t. yynytfHfO 
2 ffi?2 21i. Hf0 2 J&2 2A#^y:iV<7)i£t5!{::J:D 

/<y 7121 «flfw<j^a^<4s i <rmmm.<DT^ 
vrmi ibk®mx'$>&. 

[0 094 ] -f PDAtCffoHfOj I22A 
S i ONJK2 1 B*^0*^ffiiSlfc:J:oT^$it 

ss7L«4. h f i: s i tcomw&wizism-t&mkzft 

-p. vlcOfc#. PDA<7)?SJg£:7 0 0X3S£t;:l&rf£ 

cit(4. *mm&t:&mzLxmj&&$:®mz-?&t 
t*?gMi. mt. Hf x«4s inmsLZ^iz-t&t^ 

OPDAfcfrSrdrtSrC, Hf0 2 K2 2 A£S i SrIX 
•5i^"C1»W3c3ettOKk^y 3>#tH f 0 2 JK2 2 
ZBf&X'Z h b&lzS i ON12 1 BiZH f Sr]R9i2X 
T'ibKm^Oi* V %T38^' »J 7&t 2 1 (Hf^fSiON 
H) £^-C-§§. ta!-?T, y'ja^tHfOi Bt2 
2am r ^^yrJK2 l$r*tf>-*-Me^^2 5 (08 

( c ) mm) $L&b Lxcomm£%.&i>&.wx'Z h b& 
y-hmmm2 5±tebLxc?>itim.&i>&$mt l z 

m±zithzb&x'Z&. 

[009 5] <Mz^ -/'Jay^tHfOi m2 2<?)gm 
i®.<mtt&ZblZ&->X. 08 (a) tZ9jk~t J: o 
IZ . Jtf V -vlS ?20nm l£g<0±SB; < 'J TIK 2 

3*jB*r&. -r^*.. ±g?^*ur)K2 3<4. mm* 
-t-tfv-yrjy-^Hf o 2 Ki^^rs. ±a&Ayr 

1 1 ci:|i)«-C'J)S. 

[0096] 08(b) tc^-tJ: •p (c. 
712 3«JbC. ^-MlkWilfJ v-'J 3>J^2 4 

zmuicvDmzm^xw&th. torn, y-hm 
mms8.ffiMzmo-?A-7;-<i?-> (0^s-b&) $-jbv^ 
t. -■K , y^y3>-^2 4. ±s^<yrJK2 3, y^y 

ttH f 0 2 JK2 2&tTF^N'yT^2 ltC^tLTWSi?: 
r-'^-fx y^yi/Srtf^a. Z.tilzJ:'). 08 ( c ) iz 

7*i-£otz, TW<vrm2i. y;3yttHfo 2 
wm25$:ftLx. ~>v 3>mm2o±izy-hwm 

2 6tfB&Zti&. %<r>m, y-hmM2 6£-?A?b 

lx. ~/V 3yi«2 oizMLx-i^y^Kintc^ 
x. v-AmmtitFis4>M®b%&*mimwa2 
7 zBsfrth . mmz . ^mm&Msm 2 1 *<7)^m& 

mrmm*'fr*o. uinzmMttzxmirzx-ox . hi 

gh-k^r- h ^MSrW-T •?> M I S SttmMK f-7yy'X 

[0097] jjLttea^Lfc i 3 m2<nmm&mt,z 

Xhb. ^y3^S«2 0±tc. 7j<*^-i-tfHf o 2 k 
2 2A2r^fig.L7tf*. HfQ 2 IK 2 2 AfcttLXfmm 



(PDA) Z'ttiXfrmZMMZit. *tUZ£*)Ml& 
fait). Hf0 2 Wk2 2AWzisVny*%)mmz'k&ik 

&Zk h k &iZ , m&mzg.JU)iffi$:LX X'J3 

HJS^ST'^^Jt«k5fc:, y^ytlTHf 0 2 JK2 2 

^ u 3 Hfo 2 12 2 co±u^^m^&m 

fctilrVC tT=E;U7 r Xffi$lZ&fztl& . ^rcom^. ^ 
•j3^fHf0 2 JBt2 2£qrr&y-M£fiJ&2 5, 
OS •) hi gh-ky- r- IfcgffiUw 'J - 9 mSE*^ t&ZkZ 

[00 9 8] 4*:. lg2<0llJ&^S^j:«.fc. Hf0 2 

m2 2A*mi8.-thmz. ^o^y^.2o±iz. 

Sr-i-tfS i 3 N 4 M2 1 AZffifcfh. Si 3 N 4 JK2 
lAJi. Hf0 2 m2 2AZm&-f&bZ(,zMfc£tlX 
S i ONJ&2 1 BtSr-g,. *<0flL Hf0 2 B?22A£ 
^LTPDA$r^dt^tC. S i ONJK2 1 B£#4 
it&i'llrJVSrHf 0 2 12 2AMz&W&-&h. 4 

SiON!2 1 Ba»£>*SS£rlittSt§-t»\ -HxCk 0 
»«S*lfcffi?L«:*rLTHf 0 2 JR2 2AK:**<l4H 
fSrSi ON12 1 B+fcHfittS-fr^CfcteiOT^ 
•JTK2 1feWjR-r*. C\o>t3h. HfO, !22A>f 
fc^-U^^^Sm^i-^S^fc^TtS. 4fc, Hf 
0 2 M2 2AX«iv'U3>"^ : SHf 0 2 ffi|2 2i:>-'Jr? 

V»R2 0i:* t RJW&ikSrB6jl:'C**. TSB 
;<yri21fe. ^'Ja^tHfO, K2 2fc|S]£H 
f fc 5 TW< U 7«2 1 <7>Jt 

!5im*$-«<T'^, *Jl(Cj:-3?y-MeiUR2 5£fle 

[00 9 9] 4fc. J*203JCieBJB£J:*fc. Hf0 2 
H^AfcWLTPDAfcfrfcdlSi:, y-MMB2 
6k=Sr*JKU>'i;3VBl2 4l:»«-*-4Ifii:<0iafc:, 
y'J^yttHfOi &2 2<DSi®£g-{tbT±g&>Ky 

rnt2 3*»jft^4. y-vm&2 6*<?M 

^y'Jn^ttHfOj JK2 2 4 , tfOW^i:* < SV^Cfi; 
M5rrS£k$:R6ihT-#-g>. 4fc. i^'y7K2 3C, 
y | j3yt*HfO ! i22tRtHfmtl>;t 
ftfcft. ±^'JTM2 3^JtlSm*Sr^<'C' 
% . * *U= J: - j T 2 5 ^:f*:<=0irbf^«* £ iS 

[oioo] 4*:. w.2<^mmw.zxhb, >\?=-v 
i* k *m k z sts v - xy°v ft -vzm^tzcvD mz 

i0HfO 2 K2 2A*JUlR-r4fc«>, Hf0 2 JS2 2 
[0 1 0 1] ST. HfQ 2 H2 2A^LTPDASr 
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[ 0 1 0 2 ] HI Oit. mmizX otH f o 2 W^b 
StMLX^ TDS (thermal desorption spe 

ctroscopy : n^WM-frlt ) SIC «fc o Ttfcg L*:*£Si£ 

^u^s. 01 otcfcox. mmimm^m^TTiL 

co^.^ h^JS€r^tTV>S. 01 OizJp-tXolZ^ 

tmm&j&i^ooxin&izmt st. 4i\ Hfo 2 

31^**7 OO-Cg^cif-^Sk. Hf0 2 JS4>fc-&4 

teOR^zcDmnmj&mizx-iXHf o 2 jsa^s*sw 

CflB^ L^TkS^H^^Jg***^*: t:^ 5. 6X1 
O 2 °[molecules/cm3 ] hv>oiSV>f£:HA*#<c>iT.rt:. 4 

* , bio (z*-r$sm(w«t i> i: . «&*siiB*a*7 o ox: 

£>. «e-?-c, PDA^sasi LT«7oo-ciis^sa 
Thi. z\<n£oi,zm%.-tz>z\ki l z£-ox. Hf o 2 )K 

mWtc^-fb-r CI i: **"C# h . 
[01 03] 4fc. iSttHf V-^T*4H f -t-b 
utoxi d e ifflv^C V DSC J: 0 S i £KJ:(^ 

fcZtifzH f o 2 ftkpytvnviztt LXiEMM^Xiia 

mm (#jS)$jk : i or/^) t^pfifv^** 1 ^, 

MttKifflTEM (transmission electron microscope) 
SrEvvcHiS^OH f 0 2 m^itZZVikm&L-fzk 
iaT^£k*^SH2$il3t. -T^*>. ^ffi (Hf 
0 2 K^ltilia^) T'ti. S iS^O±(c, S iKW 
&<R~?H fgfW^Il (Si ON12 1 Bt 
»15) ifi&&*%> k * co±(c: S i BC^j&^Sr 

iS.S^fTVKi:. 6 2 0'Ca»£8 5 0'C4TWiSJg 
9 1 S i K^*y«5r< loH f 0 2 Si 0 1 H f ^tSp' 
6 0°CT'?KiST— -JVtt+otzk^h^ Hf0 2 «k 

fflsj£S5c« k cnmmmm (i/'jn h f o 2 m 2 2 

[0104]^, si^COPD AtfOJf^-. #fflJS*4<5 0 

°c/?ms i: •> i: ^tc 7 o ox:um?>&Mmi&m<7)& 

xx7h (^ft?t) *>*«ii>6T/h$V\ ZCOti&b^ PDA 
(C^HL?t S i S«<0i£ffc»4 1 n mJjlTL* l iec: ^"T. 



% & immmmzftcD e o tu# < & 

tcJSHf 0 2 Wk<rmm&. high-k^r'-h^JKO^ 

MOHf V-^fflVtfrCVDiSKiOHf 
0 2 &£J&£U ISHf 0 2 BtfcttLT, M^S^ 
frEEM T E M t,z X h 4> (0 -e 0*§t83g £ 'Htc o i: Z 

.rvr. -e-^js*. Hf o 2 aco^a<j^^tt<^5X#. a 

[0 1051111 114, Hf-t-butoxide5r 

izttLx. smmmzc-vwfcZ'tt-itzm&z^L 

0~3. 3nm<0HfO 2 E&Zm^R~Oif— hWMt L 

klx. y- h w&iz&az *ut srvse-r t-r & ?t 

#>tfDT--^£ 9 0 0'C, 9 5 0*C&tX 10 5 0*CT?T 
SroJt&CSMIfcOVi; LTy-bflffVgSrEPJpL 

fc. @i kc*»vvc. mm&y- hWK (v g > s^l 
Ttjo. mm*. mmzmLx^z. ttz. ♦t49oo 

•CTISiJaaSrtf & -5 £ i: # <0®m<VM%.M$:^ LX *J 
0, ■J49 5 0°CTiasaS2rfi :: Sro7ti:#<7)^i«a!l^ 
ffi£*LTJ3 9» Atil OSO-C-C^aSrtf^o^i: 

# cOSi^SS^ffl £^ L T V ^ . 
[0106101 1 {c^-r«t a Hf-t-buto 
xideHMSWi. H£-£tfHf0 2 Kfcfflvvfc 

^LTtc-v^-ys-^fcfc 1 ), asw^Mosdr-v 

t LXMiz. 0 Sagii 10 5 0°CJjLWc*>iiLT 

v^£>. -ftcb-h. HZ-ttsHf o 2 BtK&wm. pd 
miz± ts*S5i. I2H f o 2 jKco^Hillt- i, s i 

T t . 0 1 1 iZTp-tX 51Z, 1 0 5 0*C 

[0 107101 2<4. **^^*^vv/-^. n^w 

Cite. Hf-nitrato (Hf (N0 3 ) 4 ) 
JtCVD&CiO^JiSiSfut. H£#i=Sr^Hf 0 2 At 

K*r u t . swas^tc c - vm&*ft%i Jtia 

^SffiiJl3. 0~3. 3nmc7)Hf0 2 ffit£JBVV§.o$* 
— hW&t LT#y^U n^ffiv^MOSdr-W^* 

covvtmzmlx . y-hmMiz&jkZtittmto* 

m\^t-thfzib(OT--^i 9 0 O'C. 9 5 O'C&tf 1 
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1 5 0XXiT : $:-3*:&icS«ffl!l£0Vi: t/ty-h^E 
Vg£EpflDUt. 01 2tZt3^X. H»«y-b«E 

(vg> ^^t-ctjO. mmt. $S^LTV^. ^ 

W49 0 0*C'CiaMBiS: : fi : ^r-??ti:§<7)$*<7)SI^ 
fflSr^tTiJO, ♦{49 5 0X:-C'^!aS5:ff^-53tfc# 
^ftiOSSSffl^tTfc'}. Atil 1 5 0*CTffc*!Ui 
$r fi'S: o t # 0^fi<7)^ffi S: ^ LX V ^ l> . 
[0108101 2(C^i dtC. Hf-nitrat 

fiL : SM : 5:MOS=Jf^-'N'^^h LXffit o hW^ii9 
0 0XlWg.$.XX'hh . 01 l&tf01 2(c^-rM*$r 
|g-&-ri>i:, HSr-i-tfHf 0 2 St^rfflV^^t^W^ 
5£tt&SEiSJ£tt: 10 5 0 *CM^JiLh*C*J) — , H €r# 

^^t^h f o 2 &zm^tzi^<F>mmzfe&®m&mt 

900XMgX'foZ>. -tKb^ H$-#tfHf 0 2 
fflvvfc*^*)***, J!W9ac£tt«tEiaK<c*j^T 1 5 0 

[0 1091013(4. S iS«/S i NBI/H f 0 2 

^(Ct>V^. H£^tfHf 0 2 St£.tfH£ir£:5:v->Hf 
O 2 SI 5r -eix-f ixffl v ^*&Of*W^tt^it« L g 

yy'MZtt LX , MSSI?H§v4»'C9 0 0X:*>^ 115 0 

c c±T'Ois^covgi±-fi:r--;P2r 3 o^raff^-^^f* 
c. iiis-ovtu-i. ovcoy— h©E 

(V G ) $:EMPLTy-^«S[JG ^SKSfrSr-afc. 
^^C. H^r-S-tfHf 0 2 I^Hf-t-butoxi d 

{4HSr^^=5rVv/-x*^^$iifetcOT'J>?.. 01 
3 (CfcV . Slfft(4vSti'(tr--;l'iSJK2r* LXtS 0 . 
JS$4(4, y-^mSKJo £*UTV>S. ♦tiH?: 

ZfjkLXH 0. D<4H f - 1 - b u t o x i d e SrfflVi 
tz^co V—7 €cfi J g cOfflfe&WMfefet: m LX^ 

[01101013 iztjk-tX 31:, Hf-t-buto 
xide*'«?ix^ H$r-^tfHf0 2 KSrfflV^Tt 

moTiJe <0JiJpJ4^1fir<0^(c?P©J$*i/v:. ^atcitL 
t. HSr-t-^^rV^H f 0 2 JRSrfflVtfr^fcti. Vi§tt-fb 
r^-;^^±<f?ti:§lc:y-f«8i[JG *^3|fr. 
0 H$r-^tfH f 0 2 BtJ-ffl^Tt^-tJt^T 1 0 0 

Ofgg^tiiJnLJt. Sv^^.?,i:. H£-i-tfHf 0 2 
M*fflv^»^fc:l4. HSr-t-i'SrV^Hf 0 2 MS:fflv^ 
t Jt-^-T ^Pftfe^Si^ Sr 1 0 0 0 %<T> 1 g^tlTt 

[0 1 1 1 1 tiz. isV3>X&±.fc, H$r^-tfH f O 

2 BISl/H^-ft-tSr^Hf 0 2 Sl^^-filSrlSIt^a 
m» ( 3 n m) T-mfSL^lf^-C ^S®2riftf#H f 
0 2 ©|^EOT$rSy^t^i;C:-?>. H$-^tfHf O a K 
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1 nmX'£>9. H£-&££rVHf 

H£-£tfHf0 2 MSrttaLfc^cOJti^^ii. H£ 
-££&v^Hf0 2 MSritStL/i^oiti^m^iO i>#; 

1. 4 6«S*»oJt. dtlii. H£-£tfHfO- 2 mite 
SUt^. WraStHf 0 2 i: COST'S i&lfH f co 

[0 1 12] S'llavSfiLLC. H£-&tfJ?S 
3. 5nmOHf 0 2 RSrJg&LfcflL iHf0 2 JKt2 

ittTPDAjaa (so ox;. 3o$wg) £*T=$rvv -e- 

Of£. MgKa|g$rfflV>7tXPS ( X-ray photoel ectro 
n spectroscopy) ffiCi0HfO 2 RcD^EM*^ S 

1. OmfU f Zm&Ltzt . PDAS&Hf&tfOH f o 
2 B?<73*aj£«:. Hf#0. 60. Si#0. 49. 0# 

2. 0 fctf-tffSft*:. ft. XPS&Ki&aiSgK&rt:-? 

x«i. ±tUHfo 2 mcommmzm.m't zfcfr . a 

fctcioX. &aj^$£2~3 nmmgtwf&gL*:. flu 
j&Of&SJ: 9 . PDAjJUI&cOH f 0 2 JBHeiiUXti:. 

5 i £<£S2 < * Tffiflt LX # X v> h Z t L . 

[O113]014ti. MOS*-r^>?CDtm:J&X'$> 
£>Hf 0 2 IK (*^*) t^UPDA^^^ 
^CfcttS. Hf 0 2 KJ^K&ttlttllRJf i: . MOS 
* -W * is 9 ^mk<r> U - 9 SSL i: 5- * L X ^ £> . 
MWCIi. CVDStCtOHSr^tfH f 0 2 Jgt£fi£J& 
L*:f&. KHf 0 2 JBtfcStLX. E^60000Pa 

( 4 5 0 t o r r ) c7)gfg$IWr 1 X'8 0 0X3. 3 0» 

JXyiZkZ'tt^tetk, E^llOOOOPa (7 

6 0 t o r r ) cOMfRSfHSv+X'Q 0 OX:. 3 0#fU<9 

vSi4<br--;P5-fl^v\ -£<of£. mimzovtLx 

-1. OV<73y-bSE (V G ) ££pJnLXy-?m»iE 

j g (omfez'ntotz. Hf o 2 jufcBnsf&owg 

X P D A £fT3: •p JM*'-&f% L*:M O S * -wc •>? <r>^ 

>7Mzr>\^xh. Hf o 2 msme&tofflm&mb* 

[0 1 14] 01 4fcl7K$\fc5fc:. PDA£*T$-?7t*§ 
^•«0** ? . PDA£fT^^V^S^tit^Xll-^«gS 
J G Sr^$<WJX-#XV^. itlll PDAfcioX 

Hf 0 2 K+CS i #t£liJrf vStt-fkr--;Kc 

i-?T H f 0 2 ffiia*fc!i B H B ft-f h £ t £RSlhX*# 



mzmiTZtzzbizi^xh. y-hv-rvfium 

MZM:b%iZ.t>ti&. Hi 4(,zjjk-f£ P 
D A o ft S y— f* V - 9 €SS?P$'JS5^ 

Hf 0 2 KO!feSKif* < W^< : 5rSJli:*^l : t-31ix 

MUXPDA (*"Xh '• X'-K^'^ 3 > ■ T— -IV) 

Koi.uzikv&ztimisizm.mx'h'). ztiizj:^ 
x. v-7mm.ziti£izmLmzm&x'*hc\ttmm 

[o i i 5] n. m2<7)mtmmiz&^x , y-v««g 

X. ^JKMSrfflv^Xtiv^ WiJf. y'Ja^tHf 
0 2 II2 2<D:ftffi£Sft;L*:f&. y-hmei2 6t^:§ 
T i NR&tXA 1 mtZWvfV >7&lZi. OHi^ltS 
LXtJrvv m^it. y'J3y#fHf0 2 K22<0« 
B^M-fbLJtf*. y-h®fii2 6i:^:-l>TaKSrlt»L 
Xi>£^. ^v-><±. ^Uny^Hf 0 2 R22<50*a 
Zmit-thZtZK. T i NlXJiT a Nl?J:)tS L 
XtiV\ dcT)*^-. T i NJKXtiTaNJK^CS iX 

26 ttxi&mmzm^z>i§r&, &mwxD&mtiz^ $ 

^tC^0;S ( PMA : Post Metal ization Anneal ) 

i.hz.t\,zx->x. y-h$mm2 5*pcr>x9&zzt>iz 

&ffit&c\ttfX'Z&. Z<7>£ol,zBf&ZtitzMOSffi 
miztf LXC- VjffieSrff * a b . *e^JK+^Pf5*i: 

A«0^jS{i7 0 0X:Ja±* i: t$!)X'ft-S. $^>(C. HSr-^- 

^r-f-i>^x*x-4 5 ox:. 3 o^ssor^-^Sr^ 
^roi:. y-btmm2 5*coftwm& : t>fcMX'Z&. 
[0116] w>.2cr)mmmzi$\.\x . y-h*e 

i^)K2 5 Sr^-t-l»l«l^m^W^i: LXH f 0 2 

CliXCft^X. Zr0 2 . Ti0 2 . Ta 2 O s . 
La 2 0 3 . C e0 2 . A 1 2 0 3 . XtiBST (A'J^^ 
Xr-o^^A^-^^^^jj-^f^ H) S:fflV->Xt J: 
W ggf>{i. H f ,A 1 y 0 2 (fILx>0JLOy>0) 
m<r>3it?m\\M*m>^Xi* X^. *Vi{S. JSLhtci*^. 
* <k 3 «rA«»^Wfc: S i jHW£sift*:&JK>- 'J y- 
bS:fflv>Xt £W i^. ^-TixcO^t^V^Xt. 

suim^^«i«^x-^ffl«xj4fiijs»«tre*) 
[0117] 2 comtmm iz&^x. m#n f 

V— XT"!)*-" n'fcSHf - 1 - bu t oxidej 
fflV^CVD&fciOHf 0 2 JK2 2A2rttat^* i . 
CliKCft^X. CVDS?:fflV^^:li **i:>'^7 
-^Ai:5r-^tf(fec7)Hf y-X7'U^— 9". MxlJf h 
^dfXx'Xf-^TS ^•V^7-'>A (TDEAH : Tetrak 
is diethylamide hafnium . Ci 6 Hi 0 N4Hf ) . fh 
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7JfXy^f>l'7S/^7- , )A (TDMAH : Tetrak 
is dimethyl amino hafnium* Cjg^sH f O,) , XtJ 

( H f ( MMP) 4 : Tetrakis l-Methoxy-2-methl -2-p 
ropoxy hafnium* Hf [OC ( C H 3 ) 2 CH 2 OC H 3 ] 

H f V— If. 011*. (£H f-nitrato 
(Hf (N0 3 ) 4 ) *5?i£-irtfV-X#X, 04*<£ 
*fg#Xfc£ffl^fcCVD£t;:J:9Hf 0 2 MJrML 
TtiV^ ^(i. ^f7?afOPVD (physical v 
apor deposition ) J6^V^«^Ktt» *3l£-£tf# 
gm$>x^y— ^Ms^ts9— Y -/ h Srffl^T i> X 

XfcL «|5?«^)K (Hf 0 2 Jg) *{C7K*2ra^t-ffi 

[0118] ttz. &2cr>mtmmiz&\,^x . H f o 2 

JK2 2AX(SS i 3 N,I2 1 AtCBfJgO^K (£7U&$, 

(i. 6 0 0~8 5 0"CiS<0'SSt-HfO 2 122 AX 
tiS i 3 N,I2 1 A*»A>^i:L-CiiMLB.-PC:ixt«k 
0^$^^?1^^-UTH f XfiS i cOffi«52r(JgitT' 
Z&tcDX'$>tltfJ:\^. Hf0 2 I2 2AAI/S 

1 3 N 4 $|2 1 AcoZixZ'tllz-S&tlhZE.lWfmWntf 

m^^x^xitXw 

to 1 1 9] ±tz. m2<7)mtmBizt5^x. 
»g2 oizMLx. mmz-iztstfx*x'mmitxiiy'y 

X~?'BH\(M$:fitc oZk izi. l )Si 3 N 4 121 A-?^ 0 

1 Sr^JSUTkJ:^. j&VMi. S i 3 N 4 
J8I2 1 A*mm-Z>Zt?P<. Hf 0 2 I8t2 2AOfM 
Hut:: 2 0<7)*ffl£ N 2 OtfX$:m^xmit 
i-&ZklZ£K>S iONJg|2 1 B$rS»j£LTkJ: 
V*. j&^kfc. Hf 0 2 H2 2ACO^*^)*CO|DKB{CS^ 
^^•tf^^^A-rSdtCto-C. T^'JT$I2 1 

ttnh m^%^commmmm* >-oa y&m 2 0 ± 

[0 120] »2<0Sg*BB!Bfc*JVvc, .^3^ 

2 3£^j£LTi>«fcV\ ^<i. y-b«@2 6fc^ri. 

^ui>>j3>-j^24 oBfmamzmmtfy. zmx-t s -r 

klzXiX. y'j3ytfHf0 2 JK2 2<D5l®£S'ft 
LT±g^N'UT)K2 3 5r^tTt«tv^. s&Ui. Hf 
0 2 M2 2Ai^S«»«<0fk»SBTa*Sr*tr^Sr 
®Ai~ •S.-Ifct-i^'C. Hf 0 2 J^22AC0^®(II|(C. 



[0121] ifcjfc. ^2^HJfi^©tC*30T. Hf 0 2 
K 2 2 A(cit LT P D A $-^f T 'J n >-^*H f O 

2 m2 2 im&ttz^ yynyttHfOj $2205 

^®£S^LT±Sfl;\'yTl&2 3£®j£L*:#. 
-fU.T\ HfOj B?2 2A?)*®£g-tt:l/t±gSAyT 
I2 3^MU>:t, Hf 0 2 BI2 2Afc*fLTPDA 
^^^X->V^y^Hf0 2 m2 2*&f&.LXl>£ 

[0122] ttz. m2<r>msmmizt$^x. tw<v 

Tgt2 1. v-'Jniv-^Hf 0 2 &2 22&V r ±gpN'»JT 
J8I2 30«JI;|t££#A*M3i£-&*t-CVvCfc «fcv^ 
[0 123] tfz. £2£)2ttfe&JK£&Vvc , 07 
(b) KjjcflgfctJtvc. £-f . ML^Hf-t- 
butox i det£OV-X£^>A-rtfc:S£>5<^ 

WN'-rt<0?aJS2r^*^#iaLT 3 0 0—50 0X:*§ 

(c-TSfc. <SiST _ Cv'l'3>'* ; K2 0±CHf^H L $:-r 
«f^<©*£tf&.IfcA*-C£&*:tf>. Hf0 2 122A 

tKHfO; <9ttA)£JE#jB£ h t.X<?)-i 

iss>mmzm<xz&. ze>iz. Hfo 2 m22At 

~/Va>m&2 0kcomKMf$.Ztl2>RWm (Si ON 

^2 IB) £?K-?M. 6. 
[0 124] ifc. m2^HJ£^®C*5^T. 07 
( c ) t,Z*k'tJMXm^t>tl2> P D AKfcltS^gtlS 
(i 6 0 0 *CJ3LLiLo 8 5 0 -CklTT* S i i: i L- 

V^. CO«t dtC-TSi:. Hf0 2 ^2 2A*»/b7l<*$rli 

IKcffiiSt^-yr-S.Ct^T-^. ^-ixtcioTHf 0 2 )K2 

[0125] %2<nm$&e,w,z&\>>x . ^y^^ 

MHf0 2 )K2 2<59ffl^:SrHf ,S i y O (flLx>0 
Ioy>0) t^fS-r-l.i:*^Jiro-feXTC0S^iS 
*£T [*C] t*IBt7tt#tC> Tg6. 6 9 • y/ 
(x + y) +74 9. 4-C'*>SC:i:* i »*Lv>. dtfOi 

2 5 <o«$«ec£ttfcii*fc:«o£ t * & . 

y-hS«i2 6* i vU3y$:-irt?W4J:'5 : 5rS« 
-^•(Cli. T^6. 69 • y/ (x + y) + 749. 4B. 
Oy/(x + y)^0. SOTJbSrfci'ffiU^ I 
cr>£o[Z-tht. yijD^fHfO, M22$r^-r* 

[0 126 3 

iMtthz. t zffi±x'% ztztb. zzmko^mfcrnwiz 
n^x . ss»wt*]R<03«taw* c r ^7 rx«®t«Jt 
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Z t £9V®lX'Z h<DX\ high-ky- M€f8&<0»W 
[02] Hf0 2 IzmnrTb S i Mb . Hf0 2 C7)^ B B B 
[04] Hf0 2 M(^irrSSi»i:. Hf0 2 |»<Z) 

[05] Hf o 2 jiic^jirr^ s i it . Hf o 2 m<?> 
mm.&m$tt om&zwrtmx'&z. 
[06] Hf o 2 mtzmbm-& s itt. Hf o 2 jbio 

[07 ] ( a ) ~ ( c ) ii*m s M<0$82<7)mmB<,Z& 
[ 08 ] ( a ) ~ ( c ) Mi^mnm, 2 omW&WiZ^. 

[09 ] ( a > — ( d ) itt$mcom2cr>mtmmi,z& 

& ^{^BiOMjt^^fc (t •?> P D A cOtfMB £ SiBfrf 
& fc#>O0"t'$> •& . 

[01 0] $mmiz£~?Xli f 0 2 J8t*»£>IM?iLT^< 
tK^St, TDS£(;:J^T^5tUtiS£m£*-f0T*£> 
6. 

[011] 2 outfit® C^S^ttSBO 

Sit^r&dfcftS Hf-t-butoxide fcfflvtf: 
CVD£{Cj:>)flM£*Ut. HSr-i-tfHfOz S&tZfttL 

x. &Mmmzc - vmfcZ'tt-iti&mz^-rmTfo 



[0i2] ftsmt Lx*mz:-%£%w-*zmy>^ 

CVDSC tvfc* HZ-ttZ^Hi o 2 Bite 

x-hh. 

[01 3] SiSH/SiNl/Hf0 2 m/XVi'V 
3 VBlOiXJUJIjtSr^rf h M O S =5f CTfcV vt . 
H£-£tfHf <D 2 jR (*^HJc7)|g2<OSfe6fe^©) &tfH 

[014 3 MOS^f^^^O^KT'ft^Hf 0 2 US 
MJt^^PDA^tf^^Tt^ttJffS. HfOj ffi 

10 y'J3>-SS 

1 1 y- m&&iis 

1 1 a -mm&^Wk 

lib TSC^'UTJK 

11c i^A'lJTi 

1 2 y- h«® 

1 3 TOHtttffcJI 

2 0 ^'J3 
21A Si 3 N 4 JK 
2 1 B Si ONJK 

2 1 TW<VTM 
22A Hf 0 2 M 
2 2 xVa^WHfOi 

2 3 Jbff/ <UTM 
2 4 XOisV^yi 
2 5 y- hi 

2 6 y- 

2 7 ^*6%it£twa 



[01 3 



[023 




12 

11<P 
11a 



11 




13 



10 




200 



^. 69X1+749. 4 



0 20 40 60 80 100 

xi=(siae/(siDfi+«fas)) xipora 



* 



« 



(16) ^gfi2 003-801 1 (P2003-8011A) 



[03] 



[04] 



A 


a 


750 


£0.1 


800 


£7.6 


850 


£15.0 


900 


£23.0 


950 


£30.0 


1000 


£37.5 


1050 


£45.0 


1100 


£52.4 



(sia£/(Si*ja+Hrag» x ioo[%]o>*m<fia 



» 



100 
30 



25 



20 



15 



xi--(siM/<sia£+Hf«i£>) xioo[« 

80 60 40 20 




□ □ 




0 20 40 60 

X2=wM/otfaft+sia«)) x ioo[%] 



100 



[05] 



[063 



Xi= (S I as/ (S I M«ttfM) ) x 1 00 [*] 
80 60 40 20 




20 40 60 80 

X2=(Hfaa/(HfM5SijifiO) x100»] 



100 



Eox(rwjim'JV 

:'jOT=1.5ran 
^ii^=100pnn 

30S[fi*=0- 1cm 2 

aA=ioot 



100 
1150 bt-SV 



xi= cs i as/ (S i SSS+Hf fiflt)) x 1 00 [%] 

50 40 30 20 10 0 




0 50 60 70 80 90 100 
X2=(Hfg&/(HfX£fr>Si«£)) x 100[%] 



:@ffittff«?M 



(17) 1$^2003-80 1 1 (P2003-80 1 1A) 
[07] [08] 




SJ£[°C] 



(18) 1^2003-801 1 (P2003-801 1A) 



[09] 



[01 1 ] 



(a) 



[PDAftfl 



(b) 



(c) 



(d) 



22A 




tfOO'CPDA-^JK*] 
Ha Hr ^Hi 




22A 




[Hf<7)|£#t+SiOt£&] 



22A 
^2 IB 



[01 2] 



(Tph=3. 0—3. 3nn) 




-2 -1 

**-H£CEVg[V3 



-3 



Hf t-toutoxida$ffll^«^ 
(Tph=3.0~3.3nnO 




-2 -1 0 

f-^ffVg[V] 



[013] 




900 1000 1100 



(19) $£132003-80 1 1 (P2003-80 1 1 A) 



[014] 




&£M*Tphrnn] 



F^— 5F058 BA20 BC03 BF06 BF12 BF22 

BF27 BH04 BJ04 
5F140 AA19 BA01 BA20 BD02 BD09 
BD11 BD13 BD17 BE02 BE07 
BE08 BE09 BE10 BE17 BF01 
BF04 BF07 BF10 BF11 BF15 
BF38 BG28 BG38 BG44 BK13 
BK21 CB01 



